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HIGH-VOLTAGE CHARACTERISTICS OF A LARGE-GAP 

COAXIAL-CYLlN DER ELECTRODE 

by Kenneth F. Koral 

Lewis Research Center 

SUMMARY 

Measurements of prebreakdown currents,  conditioning rates, and ultimate voltage 
capability were made for a 30-centimeter -gap, concentric-cylinder configuration in a 
continuously pumped vacuum environment. Both micropulsing and continuous currents 
flowed across  the vacuum gaps at voltages above a threshold value. A linear dependence 
of threshold voltage on the total charge that had traversed the gap was found for a certain 
range of conditions. The ultimate vacuum-gap voltage with a positive inner cylinder was 
395 kilovolts at lo-? to r r  and greater  than 600 kilovolts at an optimum background gas 
pressure (approximately tor r ) .  Tests showed that a 44-centimeter-long poly
carbonate insulator with negative junction shielding operated well at voltages up to 
600 kilovolts. Experimental resul ts  did not correlate well  with either the field-emission 
or the particle -exchange theory of prebreakdown conduction. 

INTRODUCTION 

Prebreakdown leakage currents (i.e. , currents not associatedwith a voltage collapse) 
and ultimate voltage capability of solid and vacuum insulation are critically important in 
a number of applications, for example, in the direct  nuclear electrogenerator. Such an 
electrogenerator consists of a radioisotope deposited on a metal electrode insulated from 
ground by a solid insulator. A second electrode at ground potential faces the first ac ross  
a vacuum gap. Passage of charged decay particles across  the vacuum gap builds up a 
high voltage on the first electrode. This voltage can then be used to power a high-
impedance device (ref. 1). According to the theoretical calculations of reference 2, a 
cylindrical radioisotope electrogenerator using beta-emitting cerium requires a total 
voltage of approximately 600 kilovolts to operate at maximum efficiency. It has been 
observed experimentally, however, in tests with a n  alpha-cell direct-conversion genera-



tor,  that vacuum-gap leakage currents may present operational problems that limit volt
age buildup (ref. 3). 

Past investigations on the threshold voltage and nature of prebreakdown leakage cur
rents involve mainly smal l  (l-cm) vacuum gaps (refs. 4 to 6). Reference 6 reports that 
the prebreakdown currents  decrease in time, a phenomenon which is called conditioning 
or forming of the electrodes. Detailed information on the rate of conditioning, however, 
does not exist in the literature. For the ultimate voltage capability for a large vacuum 
gap, data are available mainly for plane electrodes (ref. 7), and no measurements have 
been made on cylindrical electrodes with gaps larger  than 1 centimeter. 

.Investigations of the voltage capability of solid insulation are also typically limited 
to dimensions of the order  of 1 centimeter (refs. 8 and 9). The breakdown current al
most always occurs along the insulator surface and is attributed to field intensification at 
the triple junction of insulator, negative electrode, and vacuum (ref. 9). Placing metal 
shields around this junction to reduce the macroscopic field is reported to increase the 
standoff voltage (ref. 10). 

This report  contains high-voltage measurements on a large -gap cylindrical electrode 
configuration. Data are a l so  presented on large-dimension, organic insulation that is 
shielded at the negative junction. No radioisotopes were utilized; voltages were applied 
by a power supply outside the vacuum system. A preliminary report  of the data appears 
in reference 11. 

APPARATUS 

The configuration that was investigated is shown in figure l(a). The inner cylinder 
was 0.279 meter in diameter and 1.15 meters  in length. The outer cylinder was 0.864 
meter  in diameter and 1. 84 meters  in length. Both solid and screen outer cylinders 
were used. Top and bottom end caps were electrically isolated and placed as shown. All 
electrodes were 304 stainless steel except the negative junction shield, which was alumi
num. Large scratches were removed from the electrodes, which were otherwise unpol
ished. They were cleaned with acetone followed by alcohol before each test. 

The inner cylinder was separated from ground by a 0.445-meter-long hollow-tube 
polycarbonate insulator. The top of the tube was covered by a metal cap and the bottom 
was encircled by a metal collar. Both were sealed to the tube with an epoxy cement. In 
order  to supply voltage to the inner cylinder , a 5 .1  -centimeter-diameter high-voltage 
cable, with ground shield removed, was inserted through the hollow insulator and con
nected to the bottom plate of the inner cylinder. 

Voltage for the experiment was supplied by a 600-kilovolt, 20-milliampere power 
supply. A 1.57-gigaohmYsurge-limiting resistance was placed in series with the supply. 
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Capacitance of the electrode configuration was 90 picofarads. The high-voltage cable 
between the electrode configuration and the surge -limiting resistance had a capacitance 
of 750 picofarads. Applied voltage was measured at the power supply by a voltage divider 
and a millivoltmeter, and a correction was made for the losses across  the surge-
limiting resistance. Individual microameters and recording oscillograph galvanometers 
were attached to each of the isolated ground electrodes to determine both the nature and 
location of prebreakdown currents (fig. l(b)). The product of current and time for any 
given period was monitored on two of the electrodes by Elcor current integrators. High-
Frequency measurements (greater than 1kHz) were made by using an oscilloscope across  
tn  appropriate load resistance from the electrode to ground. To reduce noise, coaxial 
:able was used for  all electrode leads from outside the vacuum facility to the instruments. 

The cylindrical configuration was mounted vertically in a horizontal, 3-meter -
Liameter, 5.2-meter-long vacuum tank. Figure 2 is a photograph of the inner cylinder 
s installed. The vacuum tank was pumped by six 32 -inch, liquid-nitrogen-trapped, 
ilicon-oil diffusion pumps. 

THEORY 

Theories on prebreakdown conduction across  vacuum gaps usually invoke one of two 
.echanisms: field emission of electrons , or  regenerative exchange of positive and nega
ve ions. The first mechanism postulates either small  dielectric inclusions giving r i s e  
high local fields (and emission) or a macroscopic field causing the formation of whisk

:s on the metal cathode. The whiskers cause a local field intensification and resultant 
eld emission from the whisker tips. The emission is given by the Fowler-Nordheim 
pat ion,  which can be written approximately as 

There j is the current density in amperes  per  square meter,  Ell is the local field in 
rolts per  meter,  and cp is the work function of the material  in electron volts (ref. 12). 
?or typical work functions it appears from equation (1) that a large increase in current 
iccurs only as the local field approaches l o l o  volts per  meter. The local field can be 
siven for  a half ellipsoid of revolution on a f l a t  plate by (ref. 7) 

where 
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l n h  

In these equations, E is the macroscopic field, p is the field intensification, and X is 
the ratio of the semimajor axis of the ellipsoid to its semiminor axis (with this ratio 
assumed large). 

The second mechanism postulates a n  organic contaminant coating on the electrodes 
of continuously pumped systems. This coating, according to reference 6, is a source of 
hydrogen ions, which, upon the application of a large enough voltage can be exchanged 
from cathode to anode and anode to cathode in a regenerative process.  The requirement 
for  current flow is 

A(V) . B(V) 2 1 (3) 

where A, a function of applied voltage V, is the number of H+ ions formed per  imping
ing H- ion, and B is the number of H- ions formed per  impinging H' ion. Measure
ments of A and B f o r  unoutgassed surfaces find them approaching the condition of a 
contaminant coating (ref. 6). 

RESULTS AND DISCUSSION 

Thresho ld  Voltage for  Prebreakdown C u r r e n t  

A sharp threshold voltage for  prebreakdown current was found at 44rt4 kilovolts with 
positive polarity and at 50kO.4 kilovolts with negative polarity. (The polarity referred to 
is that of the inner cylinder with respect to ground. ) In both cases ,  the electrodes were 
freshly cleaned and the pressure  was in the range to tor r .  With the first volt
age application, transient charging currents were observed that had time constants of 
about 1 second, which were in  good agreement with a value of 1 . 3  seconds calculated from 
series resistance and capacitance values. 

The time-averaged current  at a constant voltage slightly below the threshold value 
was measured to be less  than 0.01 microampere. At the threshold voltage, pulses of 
amplitude up to 500 microamperes with widths up to 100 millisecond began to occur. The 
form of a typical micropulse shown in figure 3 was s imilar  to that found in reference 6. 
Pulses at threshold voltages became smaller  in amplitude and longer in duration after the 
electrodes were conditioned. Pulses also exhibited this characterist ic with the addition 
of a higher background gas pressure.  

In this report, the threshold voltage is defined as the voltage required to initiate 
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recognizable micropulsing or  to produce a time-averaged current  of 1 microampere. 
The current  flow at the threshold voltage was to the top end cap or to the outer cylinder. 
Current flow started to either one of these electrodes and then went to both at a slightly 
higher voltage. Current flow to the bottom end cap and to the negative junction shield was 
usually less  than 1 microampere at all voltages since these electrodes were exposed to 
only a sma l l  area of the inner cylinder. 

The occurrence of micropulsing with positive polarity at a macroscopic cathode field 
of 9x104 volts per meter  requires a field intensification p of about 105 to produce a local 
field of l o l o  volts per  meter (see eq. (2a)). From equation (2b), because of this require
ment h for  the conducting whiskers equals about 800. The fact  that observed whiskers 
have A's no larger  than 10 (ref. 13) is a serious discrepancy with respect  to that field 
emission model. The dielectric inclusion model is not amenable to direct  evaluation 
from the experiment. 

A nitrogen background gas had a n  extremely strong effect on the threshold voltage of 
freshly cleaned electrodes for  both polarities. The situation for  positive polarity is 
shown in figure 4, where the system threshold voltage is plotted as a function of nitrogen 
gas pressure.  The threshold voltages are for  the level region around lo-' to r r .  An im
provement by a factor of 12 or  more results f rom a pressure  of about to 2X10-4 
torr .  At still higher pressures ,  the threshold voltage decreases  again. The curve was 
repeatable, s o  apparently the pressure  cycle had no progressive effect on the electrodes. 
Approximate calculations indicate that p ressures  of lX10-4 to to r r  are not large 
enough to cause significant energy losses for  electrons traversing a gap. Therefore, 
provided the gamma ray  environment would not reduce the effect, optimization of res id
ual gas pressure  might be a way to increase the operating voltage of a beta cell  without 
conditioning. 

No prebreakdown currents  above 0.1 microampere were observed along the surface 
of the organic insulation under all experimental conditions tested. The threshold voltage 
for  breakdown flashover along the surface was highly i r regular  f rom test to test. It was 
also observed that flashover might not occur up to 250 kilovolts during steady condition
ing, but if the voltage were reduced to zero  and several  minutes were allowed to pass, 
flashover could occur at 150 kilovolts when the voltage would be raised again. The exact 
reason for  this behavior is not known but may be related to variations in charge distribu
tion on the surface of the insulator. Under most conditions, flashovers at a given voltage 
would stop after severa l  breakdowns. 

Characteristics of Gap Prebreakdown Currents 

At the original threshold voltage (before conditioning) current  flow consisted of 
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micropulses of frequency about 1pulse per  second (fig. 5(a)). As the voltage was in
creased above the threshold, the frequency of the micropulses increased while the am
plitude decreased. As shown in figure 5(b), at 0 .4  kilovolt above threshold, the fre
quency was 26 pulses per  second and the amplitude was about 30 microamperes. As the 
voltage was increased further, a steady current  occurred with the pulsing superimposed 
on the steady current. Figure 5(c) shows such a current at 13 kilovolts above threshold 
voltage. The steady current was about 20 microamperes, and the pulse frequency was 
about 50 pulses per second. Apparently the pulsing rate above the threshold voltage de
pends upon the difference between the applied and threshold voltages. As the difference 
gets larger, the pulses occur at a higher frequency. This is in agreement with what 
would be e x p c t e d  from simple resistance-capacitance circuit  analysis. As the voltage 
is raised, the steady current becomes a larger  fraction of the total time-averaged cur
rent. The appearance of a steady current is in agreement with the observations on pre
breakdown currents for  millimeter gaps in reference 5. 

A plot of total time-averaged gap current against voltage above the instantaneous 
threshold voltage can be made for  the prebreakdown conduction. In figure 6, these vari
ables are plotted for two different original threshold voltages. The current increases to 
50 microamperes with a 5- to 10-kilovolt voltage increase.  For both cases, the slope 
decreases with increasing voltage. Insulator flashovers make it difficult to get more 
extensive curves of current against voltage above threshold. 

When the voltage is raised above the original threshold to a given value and kept at 
that voltage for  a period of time, the magnitude of current  that is flowing slowly 
decreases.  After several  minutes of current flow at the constant voltage, a remeasure
ment of the threshold voltage shows that it has increased. The current  can be returned 
to its former value only by applying a higher voltage. This phenomenon is called condi
tioning. Conditioning can be attributed to the elimination of the sharpest  of the cathode 
whiskers according to the field-emission model, o r  to the reduction o r  modification of 
.the contaminant coating according to the particle exchange model. With the exchange 
model, the restoration of the currents at higher voltages demands that the emission co
efficients A and B increase with voltage. For outgassed surfaces,  however, the co
efficients decrease with increasing energy (ref. 14). This discrepancy in the theory has 
not been resolved as yet. 

Prebreakdown Current Conditioning Rates 

The voltage that produces a given time average gap current was found initially to in
crease linearly with the time that the given current flowed. This linear conditioning for 
high vacuum is shown in figure 7. A 20-microampere current produced a conditioning 
rate of 0.71 kilovolt per minute, and a 40-microampere current,  a conditioning rate of 
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1.4 kilovolts per minute. Therefore, the voltage might be expected to increase linearly 
with the product of current and time, that is, with the charge. In figure 8, the total 
charge that has  passed the inner and outer cylinders during a period of conditioning is 
plotted along the abscissa. The voltage that produces a 20-microampere current between 
the cylinders is plotted along the ordinate. A linear relation exists between these two 
variables. This is t rue for  a time-averaged current range of 5 to 80 microamperes. 
Three different conditionings of a freshly cleaned configuration are shown. (The data in 

5figs. 7 and 8(a) were taken with a lower voltage power supply and a 1.5X10 -ohm surge-
limiting resistance. ) 

The threshold voltage, previously defined as that voltage required to initiate micro-
pulsing o r  produce a time-averaged current of 1 microampere, was also increased 
linearly with the total charge that passed between cylinders under some conditions. This 
is shown in figure 9. However, severa l  limitations to the conditioning linearity were 
observed. For  example, the initial nonlinearity shown in figure 9(b) is unexplained. 
Also, when the electrodes have been conditioned and time is allowed to pass  so that r e 
conditioning is necessary, the rate of increase of threshold voltage with charge was 
initially larger  than the original ra te .  The upper limit of linearity was about 300 kilovolts 
with the inner cylinder positive (fig. 9(a)) and about 200 kilovolts with the inner cylinder 
negative (fig. 9(b)). 

The results shown in figures 8 and 9(a) appear to be directly related as follows. An 
additional voltage above the threshold voltage must be applied to produce a given current,  
say, 20 microamperes. Figure 6 shows that this additional voltage is 3 kilovolts for  a 
threshold voltage of 124 kilovolts and 2 kilovolts for a threshold voltage of 379 kilovolts. 
In either case,  this additional voltage is smal l  compared with the threshold voltage. 
Therefore, in  conditioning, if the threshold voltage is linear with charge, the constant 
current voltage should also be approximately linear with charge. 

Slopes for  the conditioning process  are quite reproducible and average about 1.0 kilo
volt per  millicoulomb for  a solid outer cylinder. Variation f rom this mean for  the three 
tests of figure 8 is less than 15 percent. From this conditioning rate, the time for  a 
beta cell to reach 300 kilovolts can be calculated from 

t = -3.0 (4)
i 

where t is the time in  days, and i is the cell charging current  in microamperes. With 
i equal to 0.1 microampere, t is 30 days, whereas, with i equal to 30 microamperes, 
t is 2 . 4  hours. The importance of a n  adequate current current  supply fo r  conditioning 
is apparent, particularly since the validity' of equation (4) has not been demonstarted for  
long conditioning times. In fact, conditioning might not be expected to occur at all for  
smal l  supplies of available current.  The linear form for the voltage against charge 
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curves is felt to be general for vacuum gaps and not restricted to the cylindrical geome
try. 

Trends in conditioning rate dependence on various parameters can be determined 
from the data presented and from some preliminary studies with configurations not in
cluded in the APPARATUS section. For example, as shown in figure 9, the rate is ap
proximately independent of polarity. For the same overall size and electric field, the 
rate  decreased with increasing outer electrode area.  This is seen by comparing fig
ures  9(a) and 8. In the former case, the outer cylinder is a screen and the conditioning 
rate is 1 . 6  kilovolts per  millicoulomb. In the latter case, the outer cylinder is solid with 
a larger surface area, and the conditioning rate is 1.0 kilovolt per millicoulomb. In a 
test involving a reduction in outer diameter and the same voltage (i.e. , reduction in a rea  
and increase in field), the trend appeared to reverse.  That is, in comparison to a rate 
of 1.0 kilovolt per  millicoulomb with an 86-centimeter-diameter outer cylinder, the rate 
was 0.56 kilovolt per millicoulomb with a 61-centimeter -diameter outer cylinder. The 
conditioning rate thus seems to decrease with increasing electric field, although, addi
tional tes ts  may be indicated. Apparently, the reduction in a rea  effect is more than off
set by the increase in field. This may reflect the fact that, although the area varies 
directly with radius, the electric field varies inversely as the product of the radius and 
the logarithm of the radius. 

The availability of hydrogen (through a layer of diffusion-pump oil applied to the 
inner cylinder with a damp cloth) also decreases the conditioning rate to about 0.5 kilo
volt per millicoulomb for a 0.86-meter-diameter solid outer cylinder. These dependen
cies do not show a strong preference for either the field emission or the particle ex
change model. 

Vacuum Gap Limitat ions on Ult imate Voltage 

Hard vacuum. - In the to torr  range, the maximum voltage attainable in a 
given period of time was determined by the rate of conditioning of the electrodes. As 
indicated in figure 9, the threshold voltage starts to increase less than linearly with 
charge and appears to approach a limit asymptotically. From figure 9, extrapolated 
maximum threshold voltages were estimated to be about 390 kilovolts for positive polarity 
and about 330 kilovolts for negative polarity. With the inner cylinder positive, ultimate 

6cathode and anode fields were 8.lxlO 5 and 2 . 5 ~ 1 0  volts per meter, and with the inner 
5cylinder negative, 2.1X10 6 and 6 . 9 ~ 1 0  volts per meter. Breakdowns occurred fre

quently during the conditioning. These produced complex responses on all meters for 
several  microseconds, and conduction in the overload neon lamps. Visible sparks oc
curred along the insulator surface, but not across  a vacuum gap. 
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Optimum background gas pressures.  - With a nitrogen background gas pressure of 
lX10-4 to 2X10-4 torr, the ultimate voltages were above the power-supply limit (600 kV). 

Insulator Limitations on Ultimate Voltage 

Occurrence of flashovers along the insulator surface did not appear to depend on gas 
pressure.  A photograph of a 220-kilovolt breakdown with the pressure in the loq7  to r r  
range appears in  figure 10. At higher pressures ,  there was more gas ionization, as 
shown in a breakdown at 2X10’4 tor r ,  in figure 11. There was no effect on the insulator 
other than formation of a white haze on the surface. At higher voltages, breakdowns that 
were destructive to the insulator surface sometimes occurred. The negative junction 
shield was found to be very effective in  reducing the occurrence of this type of breakdown. 

For positive polarity, with little shielding, a polycarbonate insulator developed a 
surface leakage path along its entire length at 400 kilovolts after 225 breakdowns (fig. 12) 
and resistance was reduced to 200 megohms. Mechanically removing the conductive path 
by reducing the insulator diameter returned the insulation strength. With a concave 
shield (as in fig. 2), partial  paths developed along the insulator surface to a point oppo
site the constriction of the shield in several  tests. One of these is shown in figure 13. 
With the formation of these paths, the supported voltage was reduced to the range between 
200 and 300 kilovolts. A plot of the equipotential lines in  the vicinity of the insulator with 
the concave shield appears in figure 14. The plot was produced with the aid of a digital 
computer and the assumption of zero surface charge on the insulator. The plot shows an  
intense field between the insulator and the shield at the constriction. Breakdown currents  
apparently flowed along the insulator and jumped the vacuum gap at this high-field point. 
The currents were intense enough to produce insulator cracking. With a convex shield 
(as in fig. l ) ,  however, breakdowns do not produce insulator cracking to the 600-kilovolt 
limit of the power supply. 

For a beta-cell insulator (which has no electrical  conductor passing through it as did 
the test configuration) the digital computer solution plotted in figure 15 indicates that the 
negative junction fields will be less severe than those tested (compare figs. 14 and 15). 
Also, insulator cracking would not be expected to occur for  this case. Additional tests 
with the cable removed from the insulator, with negative polarity, and a concave t rap at 
the inner cylinder end of the insulation produced no insulation cracking up to the 
600 kilovolt limit. 
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TABLE I. - REDUCTION IN THRESHOLD 

VOLTAGE AS FUNCTION O F  TIME AT 

ZERO APPLIED VOLTAGE WITH 

SYSTEM UNDER VACUUM 

Threshold voltage Time of Average 
at start of deconditioning, threshold 

deconditioning, h r  voltage 
reduction 

kV 1 kV 
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27 

150 to 300 0.80 36 
18 116 
65 134 

300 to 450 1 :; 143 
174 


Voltage Deconditioning 

The effects of high-voltage conditioning are 
not permanent (ref. 4), and with the present 
configuration, exposure to air with electrode 
handling and passage of time with the system 
under vacuum were observed to produce decon
ditioning. Reduction in  threshold voltage with 
time for  three ranges of original threshold volt
age is shown in table I. The applied voltage was 
off during the test period. Scatter in individual 
data points was great.  The average threshold 
voltage reduction, however, increases with time 
and tends to be greater  with higher original 
threshold voltage. 

CONCLUDING REMARKS 

High-voltage measurements were made on a 30-centimeter -gap, concentric-cylinder 
electrode configuration in  vacuum. The leakage current  threshold voltage could be in
creased from 50 to 600 kilovolts by optimizing the residual nitrogen gas pressure level. 

At high vacuum, and for  a certain range of conditions, conditioned voltage was shown 
to be a function of the total charge that has passed ac ross  the gap between cylinders. 
Tests  with polycarbonate materials indicated that a plain cylindrical insulator, 10.2 cen
timeters in diameter by 44 .5  centimeters long, could withstand 600 kilovolts if properly 
shielded at the negative junction. The experimental resul ts  were not adequately ex
plained by either the field-emission or the particle-exchange models of prebreakdown 
current.  

National Aeronautics and Space Administration, 
Lewis Research Center,  

Cleveland, Ohio, December 28, 1966, 
120-27-06 -03-22. 
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Figure 1. -Test configuration. 
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Figure 2. - Inner cylinder, feedthrough, and shield installed in position
for test. 

Time, msec 

Figure 3. -Typical c rrent micropulse at threshold voltage.
Pressure, L 2x10-# torr; solid outer cylinder; positive 
polarity; average voltage, 88 kilovolts. 
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Figure 5. -Cur ren t  characteristics as func
t ion of average voltage. Pressure, 5.0~10-7 
torr; solid outer cylinder; positive polarity. 
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Figure 6. -Total of outer cyl inder and top 
plate time-averaged gap c u r r e n  dependence 
on voltage. Pressure, 1.2~10f torr; solid 
outer cylinder; positive polarity. 
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(c) First conditioning over 85- to 200-kilovolt range afler elec
trode reinstallation. Pressure, I. Ox10-7torr; slope, 1.14 
kilovolts per millicoulomb. 

Figure 8. -Voltage as function of total charge transferred be
tween cylinders for three tests with freshly cleaned electrodes. 
Solid outer cylinder; positive polarity. 
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(6) Inner cylinder negative. Pressure, 6 .8~10-~torr; slope, 
L7 kilovolts per millicoulomb. 

Figure 9. -Threshold voltage as  function of total charge with 
freshly cleaned electrodes. Screen outer cylinder. 

Figure 10. - Spark breakdown over surface of polycarbonate insulator 
at 220 kilovolts. Polarity is positive, outer cylinder is a screen, 
and negative junction shield is convex. 
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Figure 11. - Spark breakdown at &IO-4 torr. (Photograph made with 3000 ASA 
speed film and time exposure.) 
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Figure 12. - Polycarbonate insulator aftertest with little 
negative junction shielding. Conduction path curves 
around cylinder at negative end. 
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Figure 13. - Polycarbonafe insulator affer test with con
cave shield. Top of shield located at  6 114inch mark; 
cracking on surface only. 
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Figure 14. -Equipotential lines for insulator annulus and 

cable with concave shield. Inner cylinder at 600 kilovolts. 
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Figure 15. - Equipotential lines for 0.44-meter-Iong, 0.102- 

meter-diameter insulator. Inner cylinder at 600 kilovolts. 
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Figure 15. - Equipotential lines for 0.44-meter-Iong, 0.102

meter-diameter insulator. Inner cylinder at 600 kilovolts. 
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“The aeronautical and space activities of the United States shall be 
conducted so as to contribute . . . to the expansion of human knowl
edge of phenomena in the atmosphere and space. The Administration 
shall provide for the widest practicable and appropriate dissemination 
of information concerning its activities and the results thereof.” 
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